Abstract
Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death in the United States, accounting for 2.7 million deaths and health care resource costs exceeding $50 billion annually. [1] [2] [3] Optimal management of COPD includes appropriate prescribed medication therapies, patient adherence to complex medication regimens, and proper inhaler technique. 4, 5 Despite the development of several practice guidelines, physicians face many challenges managing COPD, and disease control remains suboptimal. 6, 7 Studies demonstrate that more than 50% of COPD patients have poor adherence and 31% of nonadherence is due to high out-of-pocket costs for inhalers. [8] [9] [10] Published evidence also shows that improper inhaler technique results in poor disease state control and increased costs. 11 Research suggests that a multidisciplinary approach is required to improve the management of COPD and achieve optimal disease control. 12 The Global Initiative for Chronic Obstructive Lung Disease identifies pharmacists as key professional collaborators to improve the management of COPD and implement the guideline recommendations. 6 Pharmacists are uniquely suited to positively influence medication management by optimizing medication therapy, recognizing nonadherence, and implementing strategies to improve compliance to prescribed medication regimens. Due to their training, pharmacists are also well positioned to educate patients on how to properly use inhalers and to reassess inhaler technique. 12 Previous studies demonstrate that pharmacist's care of COPD patients enhance outcomes, improve inhaler technique, and increase patient satisfaction. [13] [14] [15] [16] [17] [18] Additionally, management programs in community pharmacies have improved patient adherence, quality of life, and smoking cessation rates. 7, 19, 20 These studies emphasize the impact of patient education interventions provided by a community pharmacist, in addition to provider care; however, limited literature exists evaluating clinical pharmacists' collaboration for patients with COPD in hospital-based ambulatory care clinics. Process measures relevant to these clinical pharmacy services are also not fully described in the literature, although they are best suited to evaluate clinical pharmacy services. 21, 22 Given that quality outcomes are supported by process measures, it is important to establish the impact pharmacists can have on process indicators to improve patient outcomes. No systematic evaluations of a comprehensive clinical pharmacy service, including process measures, currently exist to determine an optimal ambulatory care collaboration model for COPD patients. The purpose of this study was to evaluate the impact of a clinical pharmacist COPD bundle on the ambulatory management of COPD within a new collaborative practice model in a hospital-based ambulatory care setting.
Methods

Study Setting
The study was conducted at the Henry Ford Hospital (HFH) Pulmonary Clinic, an outpatient center associated with Henry Ford Health System, in Detroit, Michigan. The clinic provides medical services to patients with a variety of lung diseases and serves as a training location for medical residency and fellowship programs. In April 2014, a hospitalbased ambulatory care pharmacist was incorporated into the clinic workflow. The clinical pharmacist and pulmonary physicians partnered to develop a new COPD patient care model with the purpose of improving care, reducing exacerbations, and achieving optimal outcomes through medication adherence assessment, COPD medication therapy optimization, and patient education. The pharmacist-provided care model was designed around 4 metrics known to positively influence the management of COPD: (1) medication therapy management, (2) quality measures including smoking cessation and vaccines, (3) medication access, and (4) patient education. 7, 12, 19, 20 
Description of Clinical Pharmacy Services
The hospital-based ambulatory care clinical pharmacy services began in May 2014 with a shared-faculty pharmacist providing services 3 half-days per week (approximately 16 hours per week). Pharmacy students and residents rotated through the clinic, and all clinical activities were directly supervised. The clinical pharmacist provided a standardized clinical bundle service for all COPD patients seen during pharmacy clinic hours (see Figure 1 ). Providers and inpatient pharmacists could also refer patients for the bundle service on discharge from the hospital if the patient had been admitted for a COPD exacerbation. Initial patient visits with the pharmacist ranged from 45 to 60 minutes, and in-person follow-up appointments were scheduled between 2 and 12 weeks based on the severity of the patient's drugrelated problem list and disease state control. Patients who had changes to their COPD medication regimen during their pulmonary clinic visit also received a follow-up phone call 1 week after the clinic visit to reinforce the importance of adherence and the COPD action plan. Barriers to medications, including financial, were evaluated on a case-by-case basis by the clinical pharmacist. In order to overcome financial barriers, patients were provided with manufacture coupons, enrolled in patient assistance programs, or provided with formulary alternatives to reduce monthly out-of-pocket expenses. The pharmacist placed a reminder in the electronic medical record (EMR) to proactively identify when patient assistance would expire, preventing lapses in therapy due to cost. The pharmacist contacted the patient via phone, inquired about the need for financial assistance, and worked with the patient to continue assistance if necessary. Face-to-face collaboration occurred between the clinical pharmacist and providers prior to the patient's initial visit with the clinical pharmacist and longitudinally throughout patient management. All patient care activities and recommendations were documented in the EMR using a standard note template for the hospital-based ambulatory care pharmacist in the pulmonary clinic.
Study Design and Objectives
This retrospective cohort analysis included patients with COPD managed in the HFH outpatient pulmonary clinic from August 2014 to March 2015. Patients were identified from appointment records, and data were obtained from the EMR. The study population was divided into 2 groups: patients who saw only a provider were assigned to the control arm, and patients who saw both a provider and the clinical pharmacist were assigned to the case arm. Patients were included in the study if they were 18 years of age or older, treated in the HFH pulmonary outpatient clinic with a diagnosis of COPD (defined by an International Classification of Disease Code 9-496.0 and confirmed by a spirometric test interpreted by a pulmonologist). Exclusion criteria included pregnant women, patients enrolled in hospice or palliative care, patients with lung cancer, and patients who were previously included in either study arm.
The primary objective was to evaluate the impact of a pharmacist-provided clinical COPD bundle on the management of COPD in a hospital-based ambulatory care clinic. The primary outcome was defined as satisfactory completion of all 4 metrics of the clinical COPD bundle known to improve management of COPD (Figure 1) . In order to achieve satisfactory completion, all components of each metric had to be performed and documented in the EMR on the initial visit date. The definitions for each metric can be found in Figure 2 . The secondary objective was to evaluate the impact of the clinical COPD bundle on clinical and economic outcomes at 30 and 90 days post-initial visit. The predetermined clinical outcomes included clinical worsening of COPD and health care utilization including emergency department visits, hospitalizations, follow-up appointments, or patient phone calls related to COPD. Clinical worsening of COPD was defined as an increase in symptoms, need for increased maintenance COPD medication therapy, or the addition of steroids or antibiotics to the patient's medication regimen. Economic outcomes were defined as patient savings, calculated from patients' out-ofpocket costs for COPD medications pre-and postclinical pharmacy intervention. Out-of-pocket costs were collected from the dispensing pharmacies and verified with the patient's insurance company claim data. This study was reviewed and approved by the institutional review board of Henry Ford Hospital.
Statistical Analysis
Based on a published systematic analysis, it was determined that a total of 58 patients in each group would detect a 50% improvement in completion and documentation of the 4 bundle metrics (α of .05, 80% power). 23 Based on internal quality data, it was estimated that approximately 20% of patients would be referred for the clinical pharmacy COPD bundle following discharge. In order to ensure that these patients did not differ significantly from the patients not referred, an additional 12 patients were added to each group to account for a planned sensitivity analysis. Descriptive statistics were reported using mean, median, and range. Categorical data were analyzed using the χ 2 test or Fisher's exact test. The Student's t test or Mann-Whitney U test was used to analyze continuous data. Logistic regression analysis was also used to account for confounding variables. A post hoc analysis of the components of the medication therapy management metric was also completed. JMP, Version 11 (SAS Institute Inc, Cary, NC), was used for all statistical analyses.
Results
During the study period, there were 406 patients with a diagnosis of COPD scheduled for a pulmonary clinic appointment. A total of 146 patients did not show to their clinic appointment, 63 patients did not meet the criteria for the diagnosis of COPD, 37 patients were previously included in the study, and 22 patients had lung cancer. In total, 138 patients were included in the study; 70 patients served as controls and 68 patients received the COPD bundle from the clinical pharmacist. The majority of the study patients were African American, female, former smokers, and had moderate to severe COPD (Table 1 ). All other baseline clinical characteristics were similar with the exception of race and incidence of osteoporosis. Seventeen patients were referred for the clinical COPD bundle following discharge for a COPD exacerbation; there were no statistical differences in baseline demographics when these patients were excluded for the sensitivity analysis.
Completion and documentation of the 4 metrics of the clinical COPD bundle significantly improved with pharmacist services (0% vs 97.1%, P < .0001). Additionally, a statistically significant difference was found in all 4 individual metrics ( Table 2) . A post hoc analysis of the medication therapy management metric components showed that clinical pharmacist services significantly improved documented medication reconciliation, COPD medication therapy optimization, and medication adherence. No statistical differences were detected in the primary outcome following the planned sensitivity analysis (0% vs 96%, P < .0001).
The clinical pharmacy services did not have a statistically significant impact on any pre-identified secondary outcomes at 30 and 90 days post-initial visit except for reducing the number of phone call consults at 90 days ( Table 3 ). The planned sensitivity analysis did not show any statistical differences in these outcomes; however, by removing the referred patients, the data showed trends toward improvement in health care utilization and clinical worsening at 30 and 90 days except for hospitalization and increased use of maintenance medications at 30 days. The clinical pharmacist identified and solved barriers to medication access for 15 patients (22%) in the COPD bundle group; 6 of these interventions resulted in significant outof-pocket savings for the patient. Table 4 depicts each patient's out-of-pocket costs before and after the pharmacist intervention. The extrapolated patient savings per year for these 6 patients was found to be greater than $22 500, or $1500 per patient per year.
Discussion
A pharmacist-driven clinical COPD bundle was associated with significant increases in the completion and documentation of 4 metrics known to improve the outpatient management of COPD. Compliance with these processes can translate to an overall improvement in hospital compliance with quality measures and benefit a health system. Given that process measures are needed to evaluate where clinical pharmacy services can benefit patients and health systems, this study provides new data supporting the role of a hospital-based ambulatory care pharmacist in a pulmonary clinic. 21, 22 In this study, no control patients had all metrics documented, and the rate of completion for each individual metric was less than 13%. In comparison, 97% of the COPD bundle group had all metrics completed and documented. The rate of completion for each individual metric was 85% or more. These results suggest a clinical pharmacist in a hospital-based ambulatory care clinic can improve the process measures known to benefit patients with COPD and may improve clinical outcomes.
Given that pharmacists are uniquely suited to provide medication therapy management, the clinical COPD bundle's impact on medication therapy management processes further supports pharmacy practice models in the management of COPD. This study demonstrated that pharmacists can significantly improve the documentation of medication reconciliation, COPD medication therapy optimization, and medication adherence. Although not powered to show statistical significance, the trend toward improvements in health care utilization and COPD clinical worsening provide an opportunity for further investigation.
Another important component of COPD management is patient adherence. Previous studies have demonstrated that rates of medication adherence are correlated with patient outof-pocket expenses and access to medications, so another important finding of this study was the impact of the pharmacist's clinical services on patient out-of-pocket expenses. 9, 24 Reducing out-of-pocket costs can enhance patient empowerment and engagement, thus increasing adherence. In this study, the clinical pharmacist identified 6 patients with financial barriers to medication access and these patients saved approximately $356 per month. While it is unknown how these savings improved patient adherence, this is a significant impact on these patients' out-of-pocket monthly expenses. Prior to implementation of the clinical COPD bundle, there was no process in the clinic to address potential financial barriers to medication adherence. These data could suggest a Abbreviation: COPD = chronic obstructive pulmonary disease. *Significance at P < 0.05 pharmacist may be able to play a role in identifying and resolving financial barriers to adherence in a pulmonary clinic. This study is not without limitations. First, this retrospective study may not fully represent the overall population of COPD patients as they were evaluated in an inner-city, specialty clinic. As such, the selected sample may not reflect populations at other hospital-based clinics. Additionally, the selected sample included patients who were referred for pharmacy services on discharge and as such may include patients who utilize more health care resources after discharge. The sensitivity analysis helped control for this group as a potential confounder. The pharmacy services were also designed to target metrics known to improve COPD management. Thus, patients who met with the pharmacist are likely to have higher completion and documentation of these metrics due to the COPD clinical bundle. However, there was no clear data defining compliance with these metrics for our providers, and the results of this study provide internal insight into compliance with these metrics. Additionally, the study builds on previous studies that demonstrate the need for comprehensive care management. 7 Last, health care utilization was tracked in the health system; however, health care utilization outside of the system is unknown and serves as a limitation to the study.
This study demonstrates a newly defined role for a hospital-based ambulatory care clinical pharmacist in a COPD clinic and the direct impacts on process measures. Additionally, these clinical pharmacy services can promote patient empowerment by reducing out-of-pocket costs and facilitating medication adherence. As clinical pharmacists are uniquely suited to assist with these complex and timeconsuming tasks, future studies should evaluate the clinical impact of these process measures and the reduction in health care costs for both the hospital system and the patient.
Conclusion
A pharmacist-driven clinical COPD bundle improved the outpatient management of patients with COPD by increasing medication therapy management, quality metrics, and patient savings.
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